SpecificationsOrganism/cell line/tissue*Mus musculus*/keratinocytes/back skin epidermisSexMaleSequencer or array typeWhole Mouse Genome DNA Microarray (Agilent)Data formatRaw and analysedExperimental factorsTelogen vs Anagen. *Sox4*^*WT*^ vs *Sox4*^*cKO*^ mouse skin.Experimental featuresTelogen (resting) and Anagen (proliferative; 12 days post-plucking) skin from adult *Sox4*^*WT*^ vs *Sox4*^*cKO*^ mice was collected and total RNA was extracted to study global transcriptome changes, in the absence of Sox4, in active HFSCs.ConsentMice were maintained under specific pathogen-free conditions at the CNIO, and mouse experimentation was performed in agreement with the recommendations of FELASA.Sample source locationN.A.

1. Direct link to deposited data {#s0005}
================================

The deposited data can be found at: <http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE58155>.

2. Experimental design, materials and methods {#s0010}
=============================================

2.1. Experimental groups and conditions {#s0015}
---------------------------------------

To understand the links between cancer and stem cell activation [@bb0005], [@bb0010], we generated *Sox4*^*cKO*^ mice in stratified epithelia by crossing *Sox4*^*lox*/*lox*^ with *Keratin5-Cre* transgenic mice [@bb0015], [@bb0020]. *Sox4*^*cKO*^ mice display reduced *Sox4* expression in the whole organism and undetectable levels in back and tail skin epidermis [@bb0015]. As *Sox4* expression is restricted to active HFSCs, its depletion should principally affect this compartment during skin and hair regeneration [@bb0025], [@bb0030]. First, male mice were selected to avoid potential hormonal-dependent hair cycle alterations [@bb0035]. We initially performed Telogen skin analysis on *Sox4*^*WT*^ vs *Sox4*^*cKO*^ mice of 4--5 months of age (n = 3 mice per genotype). At this stage mouse skin enters into Anagen at a slower pace and asynchronously in small discrete areas, instead of happening in sagittal coordinated waves [@bb0035]. During sampling, we therefore avoided collecting Anagen skin patches arising from dominant behaviour among male mice or spontaneous Anagen induction patches [@bb0035], [@bb0040]. In order to study the contribution of *Sox4* to HFSC activation, we performed hair plucking, a bona-fide method for assessing hair regeneration [@bb0025], [@bb0035], [@bb0040]. In this setting, we used young adult (4--5 months, 3 mice per genotype) and aged mice (17--18 months, 3 mice per genotype). We did not observe any differences in Anagen induction or in the contribution of *Sox4* to modulating HFSC pathways in young versus aged mice [@bb0015], therefore all these mice were grouped in this study based solely on their genotype. To induce Anagen, 1 cm^2^ hair skin patch was plucked with tweezers and tape-stripped from the lower dorsal part of anaesthetized mice. 12 days later, the plucked patch is in full Anagen and can be identified macroscopically as a darkly pigmented skin area [@bb0035], [@bb0040].

2.2. Skin collection, RNA extraction and microarray hybridization {#s0020}
-----------------------------------------------------------------

A critical point to obtain high quality RNA from skin is to preserve the samples immediately after collection by immersing them on RNAlater (QIAGEN); this method works for skin RNA extraction even more efficiently than liquid nitrogen flash-freezing, in our experience. For skin collection we first hair-clipped the mice and then culled them by cervical dislocation to minimize the time elapsed before tissue harvesting. Dorsal back skin was then cut and pulled with forceps and placed dermis side up in a Petri dish; then, the dermal fat was thoroughly removed by scrapping with a scalpel, immediately immersed in RNAlater in a new Petri dish and cut into 3 × 3 small pieces. RNAlater-soaked samples were preserved in 1.5 mL of fresh RNAlater solution at 4 °C overnight and − 80 °C thereafter until RNA extraction. After removing RNAlater completely, we then performed tissue disruption and RNA extraction. For this, tissue explants were placed on a 2 mL homogenisation tube containing 1 mL of TRIzol reagent (Life Technologies) and 5 zirconium oxide beads per 3 × 3mm^2^ tissue bits. After 2 runs (4 cycles) on programme 2 in a Precellys-24 Tissue disruptor (Precellys), we proceeded to TRIzol-based RNA extraction; we adjusted the hydrophobicity of TRIzol\'s chloroform-extracted aqueous phase by adding ethanol up to a final concentration of 36%, and applied it directly to a silica spin column for RNA purification (RNeasy, QIAGEN). If RNA integrity number (RIN) is not greater than 7.5, additional RNA extraction from the original sample might be required to fulfil this Quality Control (QC). Nevertheless, a sample with RIN 6.7 was successfully analysed in this study. As an alternative approach we recommend using the Fibrous Tissue RNeasy minikit (QIAGEN) that includes a Proteinase K step, and gives high RNA yields and good RIN values. RNA integrity numbers were obtained on an Agilent 2100 Bioanalyzer. A final amount of 100 ng of total RNA was labelled using a Low Input Quick Amp Labelling kit ("One-color Microarray-based Gene Expression analysis kit" v6.5, Agilent) following the manufacturer\'s instructions. Labelled samples were further purified on silica spin columns (RNeasy, QIAGEN). Finally, samples were hybridized to a 60K Whole Mouse Genome DNA Microarray (Agilent design ID 028005 SurePrint G3 Mouse GE 8x60K Microarray) in a SureHyb chamber (Agilent) in a final volume of 50 μL during 17 h at 65 °C. Subsequently, arrays were washed and images obtained with a G2505C DNA microarray scanner (Agilent).

2.3. Gene expression analysis {#s0025}
-----------------------------

Images were analysed with Agilent Feature Extraction (FE) Software (ver. 10.1.1). FE performs spot quantitation and systematic gradient correction by spatial de-trending algorithms. QC reports provided by FE (which inform on signal qualities, background level and overall sensitivity within well-established acceptance thresholds) were examined for the absence of anomalies. We then performed background subtraction using the *normexp* method [@bb0045]. To normalize the dataset, we performed loess within-array normalization and quantile approach for between-array normalization. Differentially expressed genes were obtained by applying linear models with R limma package [@bb0050] (Bioconductor project, <http://www.bioconductor.org>). To account for multiple hypothesis testing, the estimated significance level (p value) was adjusted using Benjamini & Hochberg false discovery rate (FDR) correction [@bb0055]. Those genes with FDR \< 0.05 were selected as differentially expressed genes (DEGs). Gene set enrichment analysis (GSEA) was studied using annotations from NCI [@bb0060], KEGG [@bb0065] and Reactome [@bb0070] databases. We additionally studied some custom-made gene lists obtained from genomic datasets publicly available [@bb0015], [@bb0025]. Genes were ranked according to their limma moderated t statistic. After Kolmogorov--Smirnov testing, those gene sets showing FDR \< 0.25, a well-established cut-off for the identification of biologically relevant gene sets [@bb0075], were considered enriched between *Sox4*^*WT*^ vs *Sox4*^*cKO*^ mice ([Fig. 1](#f0005){ref-type="fig"}A and B).

2.4. Microarray validation {#s0030}
--------------------------

To validate the DEGs and the significantly changed pathways, we extracted RNA from similar groups of mice following RNA later and RNeasy protocols (described above). We retrotranscribed 500 ng of total RNA using iSCRIPT Advanced (Bio-Rad) following the manufacturer\'s instructions. We used 1/10th dilutions of the resulting cDNA for subsequent quantitative-real time PCR (qPCR) in a 7900HT 384-well real-time fast thermocycler (Applied Biosystems) using SYBR 2 × qPCR master mix (Life Technologies). Fold change (FC) of genes of interest was further validated by comparing the results obtained in the microarray. Most DEGs displayed consistent FC in microarray versus qPCR values ([Fig. 1](#f0005){ref-type="fig"}C).

3. Discussion {#s0035}
=============

Adult tissues are composed by specialised cells that need to be constantly fuelled up with fresh cells upon tissue damage or during normal homeostatic turnover. In one of the most paradigmatic examples, skin replenishment is carried out by its tissue stem cells, which have a high proliferative potential when compared to their progeny, but remain in a relatively quiescent state until the appropriate signals pull them out of their niches to migrate, differentiate and specialise [@bb0080]. On one hand, it is acknowledged that stem cell function decline is one of the hallmarks of ageing, and molecular ageing is linked to decreased stem cell activation potential [@bb0085], [@bb0090]. On the other hand, adult stem cell activation constitutes a prerequisite to license carcinogenesis initiation and progression, at least in a two-step chemically-induced mouse skin carcinogenesis model [@bb0005]. Therefore, this leads to the speculation that there might be common signals that link stem cell activation with ageing and cancer. We proved that *Sox4* is a key factor that warrants normal hair follicle stem cell activation during hair regeneration and wound healing. Interestingly, abrogation of *Sox4* expression in skin prevented chemically-induced tumorigenesis and globally reduced mRNA levels correlated with diminished incidence of spontaneous cancer in mice [@bb0015]. By analysing the transcriptome of *Sox4*-depleted skin during hair regeneration we observed deficiencies in the induction of pathways that modulate HFSC activation, but we also detected strong deregulation of groups of genes that are typically associated to cancer. In summary, our results demonstrate that understanding the *Sox4-*regulated transcriptome might be an interesting subject of study for effective cancer therapies and controlled regenerative medicine approaches, and thus we hope that this data resource constitutes a valuable tool for the research community.
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![A) Venn\'s diagram showing the overlap between the significantly enriched pathways in *Sox4*^*WT*^ vs *Sox4*^*cKO*^ mouse skin in Telogen (green) and Anagen (yellow). Only pathways showing FDR \< 0.05 were included for this comparison. Note that most deregulated pathways belong to the Anagen group, reinforcing a role for *Sox4* in this condition, and that the overlap is minimal between both categories.\
B) Enrichment plots for selected pathways, obtained from the NCI repository at FDR \< 0.150, where N indicates the number of genes included in each list, and FDR means false discovery rate (q value). The red to blue bar represents the ranked list of genes (red = *Sox4*^*WT*^, blue = *Sox4*^*cKO*^). Genes showing differential expression between genotypes are located at the edges of the bar, and similarly-expressed genes are in the centre. The Y axis represents the enrichment score (ES). *Plk1*, *ATM*, *nuclear β-catenin*, *E2F*, *FoxM1* and *TAP63* pathways are shown from left to right and top to bottom.\
C) Comparison of the values obtained by qPCR and microarray in *Sox4*^*WT*^ vs *Sox4*^*cKO*^ mouse skin, for the selected DEGs. Fold change relative to *Sox4*^*WT*^ (set to 1) is shown. N = 6 mice per genotype.](gr1){#f0005}
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